. Series elastic characteristics, on the other hand, appear usually to be unaffected by inotropic interventions ( 1, 17, 19, 20, 22 by an air jet which stabilized the isotonic lever against the preload stop. After 350-425 msec (a period which coincided with the attainment of at least 90 % of peak isometric tension) a solenoid attached to a second stimulator suddenly diverted the air jet from the lever, which was then free to move. Rapid shortening of the muscle and a simuftaneous fall in tension were recorded ( 15), and these changes were assumed to represent the effects of shortening of the SE component ( 1, 5, l I, 15, 24) . A series of quick releases were recorded, with afterload varying from zero to peak isometric force, and multiple trials were observed at each condition. The SE extension curve was determined from the relation of afterload to the amount of quick-release shortening. After initial control measurements were completed, the medium was changed to one of three hyperosmotic solutions: I) the control Krebs-bicarbonate solution + 100 mOsm/kg Hz0 of sucrose, 2) control solution + 200 mOsm sucrose, or 3) control solution + 300 mOsm sucrose. Following stabilization of the muscle in the new medium for 45 min, force-velocity and SE extension curves were redetermined in an identical manner. The control medium was then reestablished and measurements were repeated after another 45-min equilibration period. In most muscles the procedure was repeated using one or both of the other hyperosmotic solutions. Of the 10 muscles, 5 were tested at 100 mOsm above control, 7 at 200 mOsm, and 6 at 300 mOsm. Control measurementi were always made before and after each intervention.
The results were not affected by previous interventions or by the order in which the solutions were tested. At the conclusion of the experiments, extensibility of An increase of 100 mOsm above control shifted the forcevelocity curve upward and to the right in all cases, and resulted in moderate increases in Vmax and P,.
Hyperosmolality of 200 mOsm above control caused variable changes in the force-velocity relation.
In three I V M&X and P, decreased; in two, they increased; and muscles in one, there was no significant change in either. In the the equipment was determined as previously described ( l5), and used as a correction factor for the SE extension curves. seventh muscle V,,, was unchanged, whereas P, increased by 25%. The average changes in Lax and P, were nut significant.
At 300 mOsm above control V,,, fell significantly in all cases. P, fell less markedly, in general, and it actually rose slightly (8 %) in one of six muscles.
E$ect of hy~erosmolulity on series elastic extensibility. The stiffness of the series elastic component tended to be increased by hyperosmotic solutions, and was greatest at the highest osmolality.
Typical effects of hyperosmolality on SE extensibility, as determined from isotonic quick releases, are shown for one muscle in Fig. 1 . Shifts of the load-extension (stress-strain) curve d ownward signify decreases in extensibility.
It is apparent that alterations in extensibility occurred at both 200 and 300 mOsm above control. It should also be noted that return to control osmolality was accompanied by a return to the original SE characteristics. In five muscles in which hyperosmolality of 100 mOsm above control was induced, three showed no change in SE extensibility and two showed a slight decrease. At a load of 2 g/mm2, quick release resulted in shortening of the muscle by an average of 3.14 % of the initial muscle length under control conditions and by 2.98% with hyperosmolality. The difference (0.16 + 0.12 %) was not significant (P > 0.10).
At 200 mOsm above control, definite stiffening of the SE was observed in six of seven muscles. Quick-release shortening at 2 g/mm2 averaged 3.10 5% during the control condition and 2.37 % during hyperosmolality.
The Figure 2 illustrates mean results from the entire group. Differences between the two conditions were significant at all loads (P < 0.05 at 0.2 g; P < 0.01 at the other loads). Each curve may be described by the exponential equation P = CC e KE -l), where P = load and 2 = SE extension. Such an equation also defines a linear relation between load and the rate of change of load with respect to extension (dP/dZ, or the modulus of elasticity), so that dp/dZ = Kp + C. Values for the K and C constants for control and hyperosmotic conditions, as determined by least squares analysis, were: The C constants are similar in each case (P > 0. lo), whereas the K constants differ significantly (P < 0.01).
DISCUSSION
The influence of hyperosmolality on cardiac muscle has received surprisingly little attention. Koch-Weser ( 12) I) no significant change in the resting lengthtension relation at light preloads; 2) no change in time-topeak tension until the total osmolality is greater than 500 mOsm/kg HzO, after which a slight delay in the time-topeak tension occurs; 3) a progressive decline in the rate of relaxation at high osmolalities; and 4) an increase in tension development at lower degrees of hyperosmolality (up to 400 mOsm total) and a progressive decline thereafter, with developed tension falling below normal at osmolalities above 500 mOsm total. It remained unclear, however, whether the observed alterations in tension development resulted from changes in contractile element shortening, in series elastic element extensibility, or in both. The experiments performed in the present study yielded results in agreement with the findings of Koch-Weser. In addition, it has been demonstrated that Vmax increases at low levels of hyperosmolality ( 100 mOsm above control), returns toward or past original values at 200 mOsm above control, and is markedly depressed at 300 mOsm above control. Simultaneously, the extensibility of the SE decreases progressively as osmolality increases. Small decreases in SE extensibility are apparent in some muscles at 100 mOsm/kg Hz0 above control under the in vitro conditions studied. Significant decreases in SE extensibility are present at 200 and 300 mOsm above control.
Thus, changes in tension development of cardiac muscle in hyperosmotic media are influenced by alterations in both the CE and the SE. The change in SE stiffness would, in effect, result in an internal shift along the CE force-velocity curve, causing the CE to utilize more of the available energy in exerting tension, rather than in shortening internally and stretching a more The present evidence that hyperosmotic sucrose solutions can alter SE extensibility of papillary muscle and that return to the control medium is accompanied by a return to the original SE characteristics constitutes, to our knowledge, the first direct demonstration of a reversible intervention which increases the stiffness of the SE of cardiac muscle. Changes in initial muscle length, although not basically altering the SE, will affect the quick-release response of cardiac muscle tested with the technique used in the present study, altering the C constant in the equations P = C(eKz -1) or dP/dZ = KP + C, but not the K constant (15, 17) . That the K constant changes significantly with hyperosmolality indicates that the alteration in the SE is different from that occurring with changes in initial length. The observed changes in CE and SE properties of cardiac muscle in hypertonic sucrose solutions are similar in many regards to those of skeletal muscle in hypertonic solutions. Reductions in SE extensibility occur in frog sartorius exposed to hypertonic media ( 1 I), and progressive decreases in the intrinsic velocity of CE shortening are also seen ( IO). A significant difference between cardiac and skeletal muscle exists, however, in that the initial increase in V,,, seen at low levels of hyperosmolality in cardiac muscle is not seen in skeletal muscle. Rather, VmsLX of skeletal muscle is maximal in physiologically isotonic solutions and declines even at minimal degrees of hyperosmolality ( 10). The mechanisms responsible for contractile changes in muscle bathed in hyperosmotic solutions have not been adequately defined. Sucrose diffuses easily through muscle but does not freely enter cells, resulting in an osmotic loss of intracellular water (2, 3, 14) . Both the cellular dehydration itself and the resultant relative increase in electrolytes may play a major role in the mechanical changes observed. has suggested that the increase in contractile force observed at lower degrees of hyperosmolality may be the result of an increase in calcium ion concentration near the muscle membrane, a condition which is well known to increase V max in cardiac muscle ( 19) Whatever may be the complete explanation of the effects of hyperosmolality, the results of the present study emphasize the need for a detailed description of the mechanical properties of myocardium if the effects of agents which change contractile function are to be understood fully. Although the SE usually may be assumed to remain unchanged with inotropic interventions, the present study establishes that it does not always do so. Such a finding has more than theoretical pertinence when one considers that in the intact experimental animal exposed to serum osmolalities up to 450 mOsm/kg HgO, left ventricular tension development may be enhanced at a time when the rate of ejection is not (23), an occurrence which suggests that series elastic extensibility may decrease in the intact heart at levels of hyperosmolality which occur clinically in man. 
